We have studied fundamental properties of weak-link Sr 2 RuO 4 /Sr 2 RuO 4 Josephson junctions fabricated by making a narrow constriction on superconducting Sr 2 RuO 4 films through laser micropatterning. The junctions show a typical overdamped behavior with much higher critical current density, compared with those previously reported for bulk Sr 2 RuO 4 /s-wave superconductor junctions. Observed magnetic field and temperature dependences of the Josephson critical current suggest that the chiral p-wave is unlikely for the superconducting symmetry, encouraging further theoretical calculations of the Sr 2 RuO 4 /Sr 2 RuO 4 type junctions.
superconductor junctions [32] [33] [34] [35] . It has also been reported that the the FIB process often damages the Sr 2 RuO 4 bulks, particularly forming other superconducting phase called the 3-K phase. However, recent development of molecular beam epitaxy growth of high-quality superconducting Sr 2 RuO 4 thin films [36] [37] [38] , as well as characterization of fundamental superconducting properties of the films 9 , is opening up a new route to study the unconventional superconductivity through film-based junction experiments.
Here we report fundamental properties of weak-link Sr 2 RuO 4 /Sr 2 RuO 4 Josephson junctions, fabricated from high-quality Sr 2 RuO 4 films with laser micro-patterning. Planar tunnel junctions are other prototypical example, but which is rather difficult to make, because it needs epitaxial growth of high-quality Sr 2 RuO 4 films on an appropriate pin-hole free insulating barrier layer. The present film-based weak-link junctions, excluding possible proximity effects in the previous bulk-based junctions, are expected to enable more straight interpretation of characterization results.
Superconducting single crystalline Sr 2 RuO 4 films with c-axis orientation were grown by molecular beam epitaxy with a thickness of t = 100 nm on (001) As shown in Fig. 2(a) , I c shows clear modulations responding to the applied magnetic field. In thin films of type II superconductors, a characteristic length scale of the magnetic field distribution around a vortex is given not by the London penetration depth λ, but by the Pearl penetration depth Λ = 2λ 2 /t especially in the thin limit (t ≪ λ) 44 . Considering that λ in Sr 2 RuO 4 bulks is about 200 nm at the base temperature [45] [46] [47] Fig. 2(a) .
Here we conduct symmetrical analysis for the obtained I c (H) curves by two types of operation. One is time-reversal operation, where both the current and field directions are inverted for I c,n taken at negative bias current, and then compared to I c,p taken at positive one ( Fig. 3(b) ). The other is current-reversal operation, where only the current direction is inverted for I c,n and then compared to I c,p (Fig. 3(c) ). As confirmed in the comparison between +I c,p (+H) and −I c,n (−H) in Fig. 3(b) , the observed oscillation patterns are almost unchanged by the time-reversal operation. This is in contrast to the case of the currentreversal operation in Fig. 3(c) , where such a fine agreement of the oscillation patterns is not discerned between +I c,p (+H) and −I c,n (+H). This mismatch is mainly ascribed to extrinsic self-field effect, where the trapped vortices impose a nonuniform contribution to the magnetic field. The oscillation curves I c,p and I c,n are then shifted in the opposite field direction, while time-reversal symmetry of the oscillation pattern is still preserved. In the case of chiral-p-wave/s-wave corner and planar Josephson junctions without time-reversal symmetry, time-reversal symmetry breaking oscillation patterns have been theoretically expected from a multiband model calculation including the spin-orbit interaction 27, 35 . These patterns have been ascribed to symmetrically allowed cosine terms in the current-phase relation. However, the observed oscillation pattern is time-reversal invariant, and which cannot be explained by the mixed chiral domains, because such domain sizes become comparable to or even smaller than the in-plane coherence length 2,9 . On the other hand, the time-reversal invariant oscillations do not directly indicate that time-reversal symmetry is preserved in the Sr 2 RuO 4 system. In particular, so far it is not trivial that the above calculation based on the anomalous current-phase relation is simply applicable to other combinations of time-reversal symmetry breaking superconducting states such as chiral d-wave.
Finally, we discuss temperature dependence of the I c R n product. For weak-link junctions, the Kulik-Omelyanchuk model based on a point contact has been proposed, and temperature dependence of the I c R n product has been theoretically derived for combination of s-wave superconductors 48 . On the other hand, the ideal magnitude relation between the in-plane coherence length and junction width (ξ ab ≫ w) is not satisfied in the present junction. As shown in Fig. 4 , the observed temperature dependence seems deviated from the Kulik-Omelyanchuk relation in the present diffusive limit (l ≪ 2λ) for the mean-free path l of about 50 nm 9 . Tunnel-type junctions have been addressed by the Ambegaokar-Baratoff model, based on tunneling through a sandwiched insulator, but the observed temperature dependence is also further deviated from the relation derived for s-wave combination. In chiral p-wave tunnel junctions, on the other hand, it has been theoretically predicted that I c R n increases rapidly with approaching the base temperature, particularly for combination of the same chirality 29 . However, such increase at low temperatures is not observed in the Sr 2 RuO 4 /Sr 2 RuO 4 Josephson junction. Although detailed temperature dependence may be dependent on multiband or anisotropic effects, the chiral p-wave state is unlikely also in terms of the temperature dependence. 
